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SELECTION AND VERIFICATION OF USES DOPPUR DATA SOURCES 

DURING IM ASCENT AND DESCENT 

By G. Edward Wilson and Alan D. Wylie 

SUMMARY AND INTRODUCTION 

This note descr ibes  a program f o r  ve r i fy ing  and s e l e c t i n g  USBS 
Doppler da ta  sources during IM ascent and descent.  
equations f o r  s e l e c t i n g  t h e  primary guidance and navigat ion con t ro l  
system (F'GNCS) and abor t  guidance system (AGS) telernetered vector  
sources.  The assumption i s  made t h a t  t h ree  USBS ground s t a t i o n s  a r e  
simultaneously t r ack ing  t h e  IM during ascent  and descent.  One s t a t i o n  
w i l l  t ransmi t  and rece ive  two-way, nondestruct Doppler da ta .  One or 
two o the r  s t a t i o n s  w i l l  receive three-way Doppler da ta .  
assumption i s  made t h a t  t he  Doppler b i a ses  have been solved for. 

It a l s o  provides 

A f u r t h e r  

I n  order  t o  check t h e  v a l i d i t y  of the  da ta ,  r e s idua l s  f o r  da t a  
from one s t a t i o n  w i l l  be compared with r e s i d u a l s  f o r  the  other  two 
s t a t i o n s .  The most probable case is t h a t  a l l  t h r e e  r e s i d u a l s  w i l l  
agree t o  wi th in  some expected tolerance.  However, i f  two s t a t i o n s  
agree and a t h i r d  d isagrees ,  the  data from t h e  s t a t i o n  i n  disagreement 
w i l l  be discarded. 

When a t  l e a s t  two Doppler sources a re  ve r i f i ed ,  the  program w i l l  
proceed t o  the  te lemetry vector source se l ec t ion .  Residuals w i l l  be 
computed using the  te lemetry vector not previously used i n  da t a  ve r i -  
f i c a t i o n .  The r e s idua l s  f o r  the  s t a t i o n s  using one vector  source w i l l  
be averaged and compared wi th  t h e  average of t he  r e s idua l s  using the  
o the r  vector  source. 

GENERAL PROCEDURE FOR SEWCTING AND VERIFYING DOPPUR DATA SOURCES 

For c l a r i t y ,  f i gu re  1 shows only two-way Doppler f o r  s t a t i o n  1. 
The d iscuss ion ,  however, w i l l  be generalized t o  include th ree  s t a t i o n s .  
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Figure 1.- Stat ion-venicle  geometry. 

be the  nondestruct N count obse rvabks  a t  
and 

and t 
Let t he  NbIi 

t imes t 

t i o n  1 is  assumed t o  be the  t r a n s m i t t e r  (see f i g .  l), t ransmi t t ing  the  
two s igna l s  a t  tb* and ta*, respect ively.  Let tb and t a be the  

times the  s ignals  a r e  t ransmit ted from the  vehicle .  

and Pa /i 'a 

respect ively,  a t  s t a t i o n  i (i = 1, 3 ) .  Sta-  a / i >  b / i  

L e t  the  pbli 

be t h e  downlink ranges, and * and * the  uplink 

ranges, anchored a t  times tb and ta, respec t ive ly ,  and used f o r  the  

computed Doppler frequency, D. (see p. 10). L e t  Si be the  Pseudoactual 
1 

Nb i Doppler frequency s h i f t ,  . The r e s i d u a l s  f o r  each of the - t b / i  
th ree  s t a t ions  can then be computed by 

D2 , a Y 2  = s2 - 
and 

AY = S  - D  3 3 3 .  
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These AY w i l l  be displayed on a p lo t  a s  depicted i n  f igu re  2. i 

For the  vector source select ion,  the  r e s i d u a l s  AYiare then computed 

using the  telemetry vector source not previously used. 
res idua ls  i s  then averaged as follows: 

Each s e t  of 

where n '  i s  the number of s t a t ions  ver i f ied  ( t h a t  i s ,  e i t h e r  n' = 2 
or n' = 3 ) .  
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The 6Y f o r  FGNCS and AGS w i l l  then  be displayed a s  i n  f i g u r e  3 .  

I Main Program 

DETAILED EQUATIONS AND U G I C  

The program for s e l e c t i n g  and ve r i fy ing  Doppler da ta  sources i s  
broken down in to  f o u r  pa r t s :  the  main program or d r i v e r ,  t he  i t e r a t i o n  
subroutine,  the i n t e r p o l a t i o n  subroutine,  and the  r e s i d u a l  computation 
subroutine.  Flowcharts 1 through 4 present the  equat ions and log ic  f o r  
each of t h e  f o u r  pa r t s  of t he  program. 

All variables  must be i n i t i a l i z e d  t o  zero a t  t h e  s t a r t  of the  pro- 
gram. The orb i t  determination constants  described i n  t h e  appendix a r e  
then  read in .  In addi t ion ,  s t a t i o n  c h a r a c t e r i s t i c s  and a luna r  ephemeris 
must be ava i lab le .  Tables of time versus ed i t ed  Doppler, N-count obser- 
vat ions a r e  generated f o r  n s t a t i o n s .  Let R ( t a )  be the  se lenocent r ic  

pos i t ion  vector of t he  vehicle  a t  time t . The program t e s t s  whether 

t h i s  vector  i s  PGNCS or  AGS and then checks i f  i t s  time t a g  has been 
updated s ince  the  time of t he  preceding vector  from the  same source.  
I f  t he  l a s t  t e s t  f a i l s ,  the  program recyc les  t o  pick up another vector .  

a 



If the  time t a g  has been updated, t he  i t e r a t i o n  subroutine i s  c a l l e d ,  
pa*, and tali - n  downlink ranges,  t h e  outputs of which a r e  o 

an uplink range, and n times which represent  t he  times t h e  obser- 
va t ions  would a r r i v e  a t  the  rece iv ing  s t a t i o n s  i f  t he  s i g n a l  had l e f t  
t he  vehicle  a t  ta. 

observat ion t a b l e s  being generated f o r  t he  n s t a t i o n s  t r ack ing  t h e  
vehic le  i n t o  the following arrays:  t i / j  and N 
j = 1, M. 
Doppler observations,  such t h a t  M observations encompass 10 seconds; for  
example, i f  the  sample r a t e  i s  5 observations/second, then  M = 50. 
time t e s t s  a r e  then performed, the f i rs t  t o  determine the  v a l i d i t y  of the  
te lemet ry  vector  time t a g  and the second t o  determine i f  t obtained 

from t h e  i t e r a t i o n  rout ine  l i e s  wi th in  the  range of t he  t a b l e s  t h a t  
were copied f o r  s t a t i o n  i. 

a / i ’  

The l a s t  M observations w i l l  then  be copied from the  

where i = 1, n and 
i / j 

The var iab le  M w i l l  be determined by the  sample r a t e  of the  

Two 

a / i  

a r e  properly s e t  up, t he  i n t e r p o l a t i o n  sub- 

a / i ’  
i / j  

a / i  

When t h e  tiIj and N 

rou t ine  i s  ca l l ed  y i e ld ing  N 

f o r  s t a t i o n  i a t  each t 

vector  R ( t a )  i s  PGNCS or AGS and then  passes the  appropriate  t imes,  

ranges, and in te rpola ted  counts t o  the  r e s i d u a l  computation subroutine.  

t h e  in t e rpo la t ed  value of t he  count 

The program checks whether t he  te lemetry 

Outputs of t h e  r e s i d u a l  computation subroutine a re  AY t h e  r e s idua l s  i’ 
computed using one vector  source and t h e  in t e rpo la t ed  counts from each 
of the  n s t a t i o n s .  The AY. a r e  then displayed as shown i n  f i g u r e  2. 

The average r e s i d u a l  6Y computed by using one vector  source i s  then  
compared on a d i sp l ay  wi th  the  average r e s i d u a l  of t h e  o the r  vector  
s o w c e  a s  shown i n  f i g u r e  3 .  ”he number of s t a t i o n s  ve r i f i ed  i s  n’ .  
The cu r ren t  values of time t ag ,  observation time, upl ink and downlink 
ranges, and Doppler count a r e  then s tored ,  and the  program recyc les  by 
reading  i n  a new telemetry vector. 

1 

I t e r a t i o n  Subroutine ( I )  

Inputs  t o  the  i t e r a t i o n  subroutine a re  the  te lemetry pos i t i on  vec- 
t o r ,  R ( t  ), i n  a se lenocent r ic  coordinate system wi th  the  X-Y plane i n  
t h e  mean e q u a t o r i a l  plane, t h e  X a x i s  through Aries  a t  t he  beginning 
of t h e  neares t  Bessel ian year  (NBY), ana the Z a x i s  d i rec ted  along the  
mean pole; a time tag ,  t , referenced t o  l i f t - o f f ;  s t a t i o n  c h a r a c t e r i s t i c s  

a 
f o r  s t a t i o n  i (i = 1, n ) ;  and a luna r  ephemeris. 

a 

The f i r s t  computation 
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transforms the  mean NBY vector  t o  a t rue-of-date  ear th-centered i n e r -  
t i a l  (ECI) vector by 

R ' ( t a )  = (NP) [ R ( t a )  + T R ]  

where TR i s  the t r a n s l a t i o n  f rom'se lenocent r ic  coordinates  t o  E C I  co-  
ordina tes  and where (NP) i s  the  precession-nutat ion matrix (see r e f .  1). 
The subroutine f i r s t  computes the  u p l i n k  range by i t e r a t i n g  t o  f ind the  
t ime, t *, the  s i g n a l  would be t ransmi t ted  from s t a t i o n  number 1 

t o  a r r i v e  a t  the vehicle  a t  ta. 

t e r i s t i c s  tape  a r e  obtained f o r  s t a t i o n  number 1, which i s  the  transmit, t ,er .  
The i t e r a t i o n  equation f o r  t he  upl ink time i s  

8 
Charac te r i s t i c s  from the  s t a t i o n  charac- 

where c i s  the  ve loc i ty  of light and 

where R ( 
a t  t 
i n e r t i a l  pos i t ion  vector  of s t a t i o n  number 1 a t  the  computed t ransmission 
time, t ' .  For an i n i t i a l  guess of R ( t ' ) ,  we use R (t ); thus ,  

) i s  t he  geocentr ic  i n e r t i a l  pos i t i on  vector  of the  v e h i c k  ' ta 
i n  a t rue-of-date  coordinate system, and R ( t ' )  i s  the  geocentric a S 

S s a  

We may then use of equation ( 3 )  i n  equat ion (1) f o r  an i n i t i a l  
es t imate  of t'. The pos i t ion  of t h e  s t a t i o n  i s  then  computed for t he  
new p i n  equation (2).  - T h i s  p i s  then  used i n  equat ion (1) t o  
obta in  a new t ' .  This i t e r a t i o n  process i s  repeated u n t i l  the  d i f -  
ference between successive values of t '  i s  l e s s  than  o r  equal  t o  

p 

seconds o r  until s i x  i t e r a t i o n s  have been made. 
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A r e f r a c t i o n  co r rec t ion  i s  then applied t o  t h e  computed uplink 
range i n  t h e  following manner (see r e f .  2 ) .  Let  

and 

Then 

= R ' ( t a )  - R ( t ' ) .  
S 

EERp p '  = p + 
R ( t ' )  P 

S 

(4) 

where E, E a re  ava i lab le  from the s t a t i o n  c h a r a c t e r i s t i c  t a b l e  (see 
appendix). The upl ink range, p' ,  w i l l  then be s tored  as  pa*. 

The subroutine then computes downlink ranges and times for t he  n 
s t a t i o n s  successively.  The only change from t h e  upl ink computations i s  
i n  the  t ime- i t e r a t ion  equation which now becomes 

P t '  = ta + - 
C ( 5 )  

where t '  i s  the  computed time a t  which the  s i g n a l  should be received 
a t  the  s t a t i o n  i f  it had l e f t  the vehicle a t  ta. 
correc t ion  has been applied t o  a downlink range, p '  i s  s tored  as  p 

and t '  s tored  as t 
s t a t i o n  c h a r a c t e r i s t i c s  f o r  the  downlink computation f o r  the  next s t a -  
t i o n ,  r e s t r i c t i o n s  being t h a t  s t a t i o n  number 1 be the  t r ansmi t t e r  and 
t h a t  t he  order ing of s t a t i o n s  2 through n be maintained. 

After  t h e  r e f r a c t i o n  

a / i  
(i = 1, n)  and the  subroutine picks up the  proper a / i  

The pos i t ion  of the  s t a t ion ,  R s ( t ' ) ,  i s  computed f o r  each suc- 

cess ive  i t e r a t i o n  of time, t ' ,  from the  s t a t i o n . c h a r a c t e r i s t i c s  a s  follows: 

Let 8 be the  angle between the  t r u e  equinox of da te  co- 
ordinate  system and Greenwich a t  t ' .  Then 

+ DT and tm is  t h e  time from l i f t - o f f  t o  - where UT1 = t ' 
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midnight of the  day of lunar  ascent ;  t he  ot,,er cons tan ts  a re  given 
i n  the  appendix. 

X' = h + 0 where X i s  the  longitude of the  s t a t i o n .  

Then, R s ( t ' )  i s  given by 

cos X' (r cos qj' + h cos @) 

r s i n  @ '  + h s i n  qj 

In t e rpo la t ion  Subroutine (11) 

m e  in t e rpo la t ion  subroutine i s  c a l l e d  t o  f ind  a pseudoactual 
f o r  each s t a t i o n  a t  some time ta/i which i s  not Na/i  , Doppler count, 

a recorded observation time. 

(obtained from t h e  i t e r a t i o n  rout ine)  and n t a b l e s  of M observation 

times, ' i /j> 
j = 1, M ) .  (It should be noted t h a t  t he  q u a n t i t i e s  i n  N 
raw, ed i t ed  Doppler accumulated counts from count i n i t i a l i z a t i o n  and 
not  a count difference over some f ixed  time i n t e r v a l . )  The in t e rpo la -  
t i o n  scheme t e s t s  t he  tali of each s t a t i o n  aga ins t  the  corresponding 

t a b l e  of recorded observat ion times t o  f ind  between which two recorded 
observation times t l i e s  and, hence, between which two recorded ob- 

serva t ions  Nali  l i e s  

Inputs  t o  t h e  subroutine a r e  ta/i 

(i = 1, n and Ni/ j 
versus M observed Doppler counts,  

i / j  are the 

a / i  

To f ind  Na,i t he  in t e rpo la t ion  scheme proceeds as follows: 

aga ins t  successive values of t 

Test 

where k = M, M - 1, M - 2, .... t a / i  i / k  
Continue t e s t i n g  u n t i l  
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Then t e s t  successive t imes,  ti/k and t i/k+l, t o  see if 

If so, the  time i n t e r v a l  i s  t o o  long t o  l i n e a r l y  in t e rpo la t e .  
fo re ,  do not i n t e rpo la t e ,  bu t  s e t  Na l i  equa l  t o  a dummy negative value 

denoted by oN, and s t a r t  the  time t e s t s  f o r  t he  next s t a t i o n .  

ever ,  

There- 

I f ,  how- 

the  time i n t e r v a l  i s  s u f f i c i e n t l y  sho r t  t o  accura te ly  in t e rpo la t e  f o r  

Na/ i  a / i  
. Therefore, t h e  following equat ion can be solved f o r  N 

Ni/k+l - Ni /k  
Na/ i  = Ni /k  4- ti/k+l - t i / k  ( t a / i  - t i / k )  

where i i s  the  s t a t i o n  number. 

subroutine w i l l  then be passed t o  the  main program. 

The outputs,  N a l i ,  from t h e  in t e rpo la t ion  

Residual Subroutine (111) 

Inputs  t o  the  r e s i d u a l  computation subroutine a re  two times,  fou r  
ranges, two in t e rpo la t ed  N-count observations,  and a t a b l e  of b i a s  values.  
The subroutine w l l l b e  c a l l e d  i n  two d i f f e r e n t  places i n  t h e  main pro- 
gram depending on whether t h e  vector source i s  PGNCS o r  A G S i  t h i s  
s e l e c t i o n  i s  cont ro l led  by Lsw (see appendix). 
rou t ine  can be cont ro l led  by the arguments of t he  c a l l i n g  statements;  
f o r  example, f o r  a PGNCS vector we might have: 

The inputs  t o  t h i s  sub- 
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Then f o r  an AGS vector we would have: 

CALL RESIDUAL (Atb I i>  ta/i> Apb*, Apbli, 

Once the  input arguments have been es tab l i shed ,  the prograrn processes 
the  r e s i d u a l  subroutine, which i s  of the  following form: 

SUBROUTINE FESlDUAL (tl, t2, pl, 

where the  variables o ther  than pl, p > and SY have th ree  dimensions. 
3 

Before computing a res idua l ,  a t e s t  must be made using the  computeu 

i s  less than ‘I’IWC, where TMAX i s  the maximum T i n t e r -  
observation times f o r  the t ransmi t t ing  s t a t i o n  to check i f  the time 
in t e rva l ,  t2 - 
v a l  f o r  which the  Doppler freqdeiicy i s  allowed t o  be computed. If’ t h i s  
t e s t  f a i l s ,  the rout ine r e t u n s  t o  the main progra’n t o  pick up the  next 
telemetry vector. 

the  two Doppler counts, N 
If t2 - t i s  less than TMAX, then the v a l i d i t y  of 1 

and N2, a t  s t a t i o n  i must  be ve r i f i ed .  A 1 
negative value f o r  e i t h e r  N1 or N2 causes the  r e s i d u a l  computation t o  

be omi-tted, and the  rout ine checks the Doppler counts for the  next 
s t  a t  ion.  

The computed Doppler observation i s  obtained from the  following 
equation: 

1 w f  4 t r  = (W + bi) + 
Di 3 c( t2 / i  - tl/i 

c,  b .  a re  explained i n  the  appendix. 
1 

where the constants w 3’ ftr’  



A pseudoactual Doppler observation, Si> i s  obtained by 

> 
- N2/ i  - Nl/i 

'i - t2/i - tlIi 

and t h e  r e s i d u a l  i s  computed from 

AY i = Si - Di 

These AYi a re  p lo t ted  a s  i n  f igure 2. 

from n '  s t a t i o n s  a r e  then  obtained by 

The average of t h e  r e s idua l s  

where n '  i s  the  number of s t a t i o n s  ve r i f i ed .  This 6 Y  w i l l  then be 
p lo t t ed  aga ins t  6Y computed with the  other  vector  source and displayed 
as shown i n  f i g u r e  3 .  Control  i s  then  t r ans fe r r ed  t o  the  main program, 

a r e  saved f o r  t he  next and t h e  cur ren t  values of ta/ij 

cycle  f o r  a p a r t i c u l a r  vector  source. 
Pa*, Pa/ i '  Na / i  
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0 0 INPUT. ORBIT DETERMINATION 
INITIALIZE ALL CONSTANTS; JPL EPHEMERIS 

SWITCHES TO ZERO TAPES; STATION 
CHAR A C T E R IS TICS TAB LE S 
AND EDITED OBSERVATION 
TABLES FOR n STATIONS 

PICK UP 
TLM VECTOR 

ta, R (tal 

1 

i =  1 

COPY LAST M 
0 BSERVATIONS INTO 

6 
Flowchart .- Main program. Page 1 of 3 



1 3  

i-i + 1 Q 

Page 2 of 3 

Flowchart 1. - Continued 



P 
KSWA = 1 I 

NO 

I 

Flowchart 1.- Concluded. 
Page 3 of 3 
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TRANSFORM MEAN 
NBY SELENOCENTRIC 

T L M  VECTOR TO TRUE- 
OF-DATE ECI VECTOR 

R'(t,) = (NP) [R(t,) + TR] 

8 ISW = 0 

CHARACTERISTICS 
EQUAL TO CHARACTER 

ISTICS OF STATION i 4 LOOP= 1 

t' = t + 
Flowchart 2 .- Iteration subroutine (I), Page 1 of 3 



CALCULATE UTI  

UTI = t' - tLo.+ DT 

I 
CALCULATE INERTIAL POSITION 
VECTOR OF STATION i AT TIME t ' 

- 

I J L r SIN#'  + h  S I N 4  
I 

LOOP = 1 9 
t 

YES 

m 

1 

LOOP-LOOP + 1 T 

. 

Flowchart 2 .- Continued. Page 2 of 3 
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. 

. 

ISW = 1 
YES 

ci "RETURN " 

Flowchart 2 .- Concluded. Page 3 of 3 



INPUT: tali OUTPUT FROM THE ITERATION ROUTINE; 

TABLE (t. 1/1 ., NiIj,) OF THE LAST M 

OBSERVATIONS FOR STATIONS j ( i  = 1, n; j =  1, M! 

SET i = 1 

SET 
j =  0 

K =  M 

K = M - j  

I 
1 

INTERPOLATE FOR Na,i I 
N . = N. + Ni/k + 1 -Ni/k 

(t . -t, ) 
a/i i/k 

a/i i/k 
ti/k + 1 -$/k 

1 

i - i + l  + i > n  

A "RET URN" 

Flowchart 3.- Interpolation subroutine (11).  

. 



. 

. 

. 

FROM THE ITERATION AND INTERPOLATION 
SUBROUTINES: tp,,it P1. pZli, 

p 3 ,  P4/i, NlIi, N2/i. (i = 1, n). 
i = l  

> TMAX 
(-) 

- 

r COMPUTED "DOPPLER FRCQUENCY" 

ACTUAL "DOPPLER FREQUENCY" 

t 

Page 1 of 2 
Flowchart 4.-  Residual subroutine (111). 



20 

/ COMPUTE AND DISPLAY 8 Y  \ 

\ n' = NUMBER OF 
ST AT ION S VERIFIED A "R ET  U R N " 

Flowchart 4.- Concluded. 

Page 2 of 2 
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APPEND I X 

tLO 

T 

w 

C 

bi 

CONSTANTS AND VARIABLES USED IN 

SELECTING AND VERIFYING USBS DOPPLER DATA SOURCES 

ORBIT DETERMINATION CONSTANTS 

time from l i f t - o f f  t o  midnight of t h e  day of  LM 
ascent ,  sec (UTC) 

number of  J u l i a n  cen tu r i e s  (J.C. ) which have 
elapsed from Jan.  0.5, 1900 t o  midnight preced- 
ing  t h e  computed t ime, t '  , of t h e  Doppler obser- 
va t ion  a t  a s t a t i o n ,  J.C. 

r o t a t i o n a l  r a t e  of e a r t h ,  7.29211506 x 

rad/sec 
8 

ve loc i ty  of l i g h t  , 9.835712 x 10 fps  

b i a s  for  s t a t i o n  on t h e  a c t u a l  Doppler observables 
(previously solved f o r  i n  a preascent r o u t i n e )  , H z  

STATION CHARACTERISTIC CONSTANTS 

The following constants  are found on t h e  s t a t i o n  c h a r a c t e r i s t i c s  tape. 

r cos @' + h cos @ projec t ion  of pos i t i on  vector  of t h e  s t a t i o n  i n t o  
t h e  x-y plane i n  t h e  ECI coordinate system 

r s i n  4' + h s i n  9 z coordinate of s t a t i o n  i n  ECI system 

where r rad ius  t o  e l l i p s o i d  below s t a t i o n ,  f t  

4' geocentr ic  l a t i t u d e  of s t a t i o n ,  r a d  

9 geodet ic  l a t i t u d e  of s t a t i o n ,  rad 

h height  .of  s t a t i o n  above e l l i p s o i d ,  f t  
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I - n 

f~~ 

-6 
rad io  r e f r a c t i v i t y  X 10  , nd 

decay constant ca lcu la ted  from rad io  r e f r a c t i v i t y  
with an exponential  reference atmosphere, nd 

longitude of s t a t i o n ,  rad 

t r ansmi t t ed  frequency, 2.101802 x l o9  Hz 

. 
MISCELLANEOUS CONSTANTS 

The following constants  were taken from reference 1 (pp. 69-91). 

TR 

g1 

Q2 

t r a n s l a t i o n  from selenocentr ic  t o  ECI coordinates  
computed using t h e  JPL lunar ephemeris t ape ,  f t  

1.7399358937 rad 

628.33195102 rad1J.C. 

.00000676 rad /  (J  . C . ) 
g3 

dlllcos E equation of t h e  equinoxes, updated when t h e  (NP) 
matrix i s  updated ( see  r e f .  1, P. 74)3  rad 

DT d i f fe rence  between UT1 and UTC, DT = UT1 - UTC, 
s ec 

w3 

i 

a b i a s  introduced by t h e  t racking  equipment that  
guarantees t h a t  t h e  s h i f t  w i l l  never become neg- 

a t i v e ,  10  Hz 6 

a multiplying f a c t o r  which ad jus t s  t h e  s igna l  a t  -~ ~ 

t h e  spacecraf t ,  - 240 nd 
221 

PROGRAM SWITCHES AND INDICES 

s t a t i o n  number, where i = 1, n 
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number of s t a t i o n s  n 

n '  

M 

LSW 

KSWP 

KSWA 

ISW 

LOOP 

a 

b 

number of s t a t i o n s  ver i f ied;  n '  must be L 2 

number of observations copied i n t o  t h e  tables t o  
be interpolated.  M = 100 i f  t h e  Doppler sample 
r a t e  i s  lO/sec and M = 50 i f  t h e  Doppler sample 
r a t e  i s  ?/see.  That i s ,  t h e  observations encom- 
pass a t i m e  a r c  of 10  seconds 

switch s e t  by t h e  i d e n t i f i c a t i o n  code of t h e  
telemetry vector :  LSW = 0 f o r  PGNCS vec to r ,  
LSW # 0 f o r  AGS. 

switch which denotes t h e  PGNCS vector :  KSWP = 0 
f o r  f i r s t  PGNCS vec to r ,  KSWP # 0 t h e r e a f t e r .  

switch which denotes t h e  AGS vec tor :  KSWA = 0 
f o r  f i r s t  AGS vec to r ,  KSWA # 0 t h e r e a f t e r .  

switch which denotes uplink or downlink range 
computation: ISW = 0 for uplink range computa- 
t i o n ,  ISW # 0 f o r  downlink computations. 

counter used i n  t h e  i t e r a t i o n  subroutine: 

index used f o r  current  values and computations 

index used f o r  previous values and computations 

PROGRAM VARIABLES 

The following program variables are l i s t e d  i n  t h e  order i n  which 
they appear. 

Main Program 

ta t i m e  t ag  ( g . e . t . )  of a PGNCS or AGS telemetry 
vector ,  sec  (UTC)  

se lenocentr ic  pos i t i on  vector  of veh ic l e  (PGNCS or 
AGS telemetry v e c t o r )  
coordinates,  f t  

i n  mean NBY selenocentr ic  

t i m e  array ( j  = 1, M )  cons i s t ing  of t h e  l a s t  M 
observation times a t  s t a t i o n  i, sec 
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ilj N 

t *  a 

ta/i 

a / i  

8 

A '  

Na/i 

T a 

an a r r a y  of r a w ,  non-destruct Doppler counts re- 
corded a t  s t a t i o n  i at  each tilj, c ount s 

I t e r a t i o n  Subroutine 

true-of-date ECI pos i t i on  vector  of t h e  vehic le  

time t h e  s igna l  would be t ransmi t ted  from s t a t i o n  
1 t o  a r r i v e  at  t h e  vehic le  a t  ta, sec 

temporary s torage f o r  use i n  i t e r a t i o n  rou t ine  

E C I  true-of-date pos i t i on  vector  of a s t a t i o n  
( e i t h e r  t r ansmi t t e r  or r ece ive r )  a t  t h e  computed 
transmission t i m e  t ' ,  f t  

i n i t i a l  guess of R s ( t '  ),  f t  

vector d i f fe rence  between R ' ( t , )  and R s ( t ' ) ,  ft 

uplink range from t h e  t ransmi t t ing  s t a t i o n  a t  t '  
t o  t h e  vehic le  a t  t f't a' 

time a t  which t h e  s igna l  would a r r i v e  a t  s t a t i o n  
i i f  it had l e f t  the  vehic le  a t  ta, sec 

downlink range from vehic le  a t  t t o  s t a t i o n  i at  a 
(i = 1, n ) ,  ft 

angle between true-of-date pos i t ion  of Aries and 
Greenwich, r ad  

r i g h t  ascension of s t a t i o n :  A' = A + 0 ,  rad 

In t e rpo la t ion  Subroutine 

and i l k  an in t e rpo la t ed  N-count s i t u a t e d  between N 
N i /k+ l  counts 

t h e  maximum time i n t e r v s l  over which t h e  Doppler 
da t a  may be in t e rpo la t ed ,  see 



N 0 

TMAX 

AY 

6Y 

dummy negative value for NaIi, counts 

Re s i dual C omp ut at i on Sub r out i ne 

a/i ’ temporary storage of previous values of t 

pal., pa*, and Nali, respectively, resulting from 
a PGNCS telemetry vector 

a/i’ temporary storage of previous values of t 

pa.,iy pa*, and Nali, respectively, resulting 
from an AGS telemetry vector. 

the maximum time interval between two successive 
vectors from the same source for which a Doppler 
residual may be computed, sec 

residual for station i for a vector source 
(actual minus computed) , Hz 

average value of the AYi (i = 1, n) Hz 

successive computed observation times for a 
station, sec 

uplink ranges computed for t and t2 respectively, 
ft 1 

downlink ranges computed for t and t respectively, 
ft 1 2 
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Nj N2 

Di 

‘i 

in te rpo la t ed  values  of  N-count a t  tl and t2¶ 

counts 

computed Doppler frequency a t  s t a t i o n  i, Hz 
b 

observed Doppler frequency s h i f t  over 

ta,i - tb,i 3 Hz 
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